Background. Prescription drug misuse among young adults is increasingly viewed as a public health concern, yet most research has focused on student populations and excluded high-risk groups. Furthermore, research on populations who report recent prescription drug misuse is limited. This study examined patterns of prescription drug misuse among high-risk young adults in Los Angeles (LA) and New York (NY), which represent different local markets for illicit and prescription drugs.
Introduction
Prescription drugs have become established as primary substances of abuse alongside illicit drugs among young adults in the US over the past 10 years. 1 Prescription opioids are the second most commonly misused drug after marijuana among persons aged 16 to 25 years old followed by cocaine, prescription tranquilizers, ecstasy, and prescription stimulants. 2 Prescription drug misuse among young adults is increasingly viewed as a public health concern since it is associated with risk practices, such as sexual risk behaviors, 3 polydrug use, 4 and injection drug use, 5 and negative health outcomes, such as drug dependence and drug overdose. 2 Most research on prescription drug misuse among young adults in the US has focused exclusively on student populations [6] [7] [8] or utilized data from national sentinel surveys. 9, 10 In all of these studies of young adults, lifetime prevalence of the most commonly misused prescription drug -opioids -is no greater than 20% while current misuse (30-or 90-day) is below 5%. While documenting important trends among lifetime misusers, these studies present limited data on young adults who are current misusers of prescription drugs -the population at the greatest risk for negative health outcomes.
Additionally, only a few studies have targeted or included high-risk groups of young adults, such as homeless persons, injection drug users, or polydrug users, into research examining prescription drug misuse. [11] [12] [13] [14] While originally focused on ecstasy or ketamine users, these studies report much higher rates of prescription drug misuse, e.g., lifetime opioid misuse exceeding 80%, than studies targeting young adults who are housed, employed, or in school. Ultimately, studies that do not include high-risk groups may limit understanding of more complex patterns of prescription drug misuse.
Large metropolitan areas are primary places to study prescription misuse among diverse populations of young adults since current rates of drug use are highest in these areas. 2 New York (NY) and Los Angeles (LA), the two largest metropolitan areas in the US 15 with distinctly different cultural histories, local economies, and geographies, each represent particular local drug markets for both illicit and prescription drugs. A picture of each local drug market can be ascertained by comparing the most prevalent drugs (out of 100%) recently seized and analyzed by law enforcement in LA and NY, respectively: marijuana (38% vs 31%); cocaine (23.6% vs 38.9%); methamphetamine (16.1% vs 0.5%); heroin (5% vs 10.9%); hydrocodone (1.6% vs 0.7%); oxycodone (0.4% vs 3.5%); and alprozolam (0.7% vs 2.6%). 16 Furthermore, local heroin markets differ in these cities: Mexican tar heroin predominates in LA, a less pure form compared to South American powder heroin in NY. 17 
Significance for public health
Prescription drug misuse among young adults is increasingly viewed as a public health concern in the US, since it is associated with various risk practices. Research examining prescription drug misuse among high-risk groups of young adults is limited. Large metropolitan areas, such as Los Angeles (LA) and New York (NY), are primary places to study prescription misuse. Study findings suggest that prescription drugs commonly seized in NY and LA are those most commonly misused in each city, and that variability in local markets of diverted drugs may impact frequency of misuse and modes of administration. Results on ages of initiation suggest that prescription drugs may serve as pathways to illicit drugs in some cases. Findings on drug substitution, drug combinations, and polydrug use indicate that prescription drugs in both NY and LA were frequently consumed as a part of a repertoire of misuse involving prescription drugs and illicit drugs.
Original Article
In this analysis, we have two primary objectives. First, we aim to describe overall differences in lifetime and recent patterns of drug use among young adults in NY and LA who report recent misuse of prescription drugs. Based upon differences in local drug markets, we hypothesize that NY participants will report greater misuse of oxycodone products, such as Percocet and OxyContin, as well as alprozolam (Xanax), than LA, while LA participants will report greater misuse of hydrocodone products, such as Vicodin, than NY. Additionally, we hypothesize that NY participants will report greater use of cocaine and heroin than LA while LA participants will report greater use of methamphetamine and marijuana than NY. Second, we aim to describe the interrelationship among prescription and illicit drug misuse among a sample of high-risk young adults, regarding ages of initiation, patterns of polydrug use, and modes administration. We hypothesize that patterns of opioid misuse, for instance, will be associated with patterns of heroin use.
Materials and Methods

Sampling
The analysis is based upon a sample of 596 young adults interviewed in LA and NY between October 2009 and March 2011. Eligible participants were between 16 and 25 years old and had engaged in misuse of a prescription drug, i.e., opioid, tranquilizer, or stimulant, or any combination at least three times in the last 90 days. Misuse was defined as taking a prescription drug when they were not prescribed for you or that you took only for the experience or feeling it caused. 2, 18 Sampling was stratified to enroll three groups of high-risk young adults with different access to prescription drugs: injection drug users (IDUs), homeless persons, and polydrug users. IDUs were defined as injecting a drug within the past 90 days. Homeless persons were defined as not having a consistent residence within the past 90 days and/or sleeping on the street, in a park, or squat; injecting drugs in the past 90 days was an exclusion criteria for this group. Polydrug users were defined as having used two or more drugs (alcohol, illicit, and/or prescriptions) simultaneously within the past 90 days; being homeless or injecting drugs in the past 90 days were exclusion criteria for this group.
Participants were located using a combination of sampling strategies and data sources. Interviewers employed both targeted 19 and chain-referral sampling 20 in combination with recruitment data from earlier project phases 5 to recruit young adults in natural settings, such as parks, streets, and neighborhoods. In New York, some participants were recruited from organizations serving homeless youth since homeless individuals meeting the enrollment criteria were more difficult to locate in natural settings. A brief screening tool was used to determine eligibility, and screened individuals received a $3 gift card. Participants who qualified and were interviewed received a $25 cash incentive. The study protocol was approved by institutional review boards at Drexel University, Children's Hospital Los Angeles, and National Development and Research Institutes, Inc.
Across the two sites, a total of 4432 individuals were screened and 831 (18.8%) met the enrollment criteria. Among the 831 eligible young adults, 618 (74.4%) agreed to participate and were interviewed. Twenty-two participants (3.6%) were later excluded after it was revealed that they had not misused a prescription drug at least three times in the last 90 days, resulting in a final sample of 596. Based upon the stratification criteria, the final sample was comprised of 202 IDUs (LA=100, NY=102), 192 homeless (LA=102, NY=90) and 202 polydrug users (LA=101, NY=101). In the final sample, the total number of currently homeless young adults was 355 since many in the IDU group were both IDUs and homeless.
Data collection
The study instrument was developed using Entryware software (Techneos Systems, Inc., Vancouver, Canada) and loaded onto laptop computers. The instrument was administered during face-to-face interviews with eligible participants by one of two interviewers at each site. Participants were provided with cards containing response options to facilitate standardization on some interview questions. Interviews were conducted in private offices or natural settings, such as fast food restaurants and parks. Interview data were recorded on laptop computers and with digital recorders.
Measures
The instrument incorporated questions from standardized measures, previous studies, 14 and from topics that emerged during the formative qualitative phase. 5 Demographic indicators, such as age, gender, and race, were assessed using conventional questions. The particular questions assessing drug use are detailed in Table 1 .
Data analysis
Statistical analyses were conducted on cross-sectional data using SPSS version 18. Descriptive statistics were calculated overall and within site (LA and NY). In most cases, t-tests for continuous variables and Pearson's χ 2 -tests for binary variables compared differences between sites. In some cases, paired statistical tests, e.g., paired t-tests and McNemar tests, compared within-site means or frequencies.
Due to the large number of comparisons, all P-values have been adjusted using the false discovery rate controlling procedure described by Benjamini and Hochberg. 21, 22 The procedure involved ordering the nominal P-values associated with the entire set of comparisons, computing a Bonferroni-type adjusted critical value based on the ordered position of the test, and comparing the nominal p-value to the adjusted critical value. Using this procedure, 11 comparisons previously considered to be significant at P<0.05 were excluded after adjustment for multiple comparisons. Adjusted significance levels are presented in the text and in Tables 2-6 .
Results
Demographics
Sociodemographic variables are summarized in Table 2 . Sample participants were typically in their early 20s, white, male, and heterosexual. Over half reported being raised in a middle or upper class family. Most were currently homeless, unemployed, or had been arrested, while nearly half had health insurance or a history of drug treatment. About one-third were students. NY participants were more frequently female (38% vs 26%, P<0.01), white (64% vs 49%, P<0.001), employed (27% vs 16%, P<0.01) and had health insurance (58% vs 37%, P<0.001) than LA.
Lifetime misuse, prescribed use, and ages of initiation-prescription and illicit drugs
Frequencies of lifetime misuse, prescribed use, and ages of initiation for prescription and illicit drugs are presented in Table 3 , including a select set of illicit drugs that also may function as pain medications, tranquilizers, or stimulants. Among prescription drugs, opioids were the most frequently misused and prescribed. Regarding ages of prescribed use, stimulants were prescribed at the earliest age, followed by opioids and tranquilizers. Regarding ages of initiation into misuse, marijuana was initiated at the earliest age followed by opioids, stimulants, and tranquilizers. Lankenau et al. Table 1 . Primary questions from survey instrument used to assess substance use and misuse in the statistical analysis.
Key constructs Question
Lifetime history of receiving a prescription medication Were you ever prescribed the following [pain pills, tranquilizers, stimulants] by a doctor for any past injury or health condition?
Age of being prescribed a medication How old were you when you were first prescribed these medications? Nearly all of the significant between-site differences pertain to prescription or illicit stimulants. A significantly greater percentage of LA participants had been prescribed stimulants compared to NY (51% vs 39%, P<0.05). Moreover, LA participants were prescribed stimulants at significantly earlier ages than NY (10.9 vs 12.2 years, P<0.05) and initiated stimulant misuse at significantly earlier ages than NY (15.4 vs 16.2 years, P<0.05). However, a significantly greater percentage of NY participants reported lifetime misuse of prescription stimulants than LA (84% vs 71%, P<0.001). The only significant illicit drug site difference pertained to methamphetamine: a significantly greater percentage of LA participants used methamphetamine compared to NY (61% vs 38%, P<0.001).
Regarding within site differences (all results and paired t-tests not shown in Table 3 ), participants in NY and LA were prescribed stimulants at significantly earlier ages than their first misuse of stimulants (12.4 vs 15.4 years; paired t(102)= -6.68, P<0.001; 11.0 vs 14.7 years; paired t(125)= -9.36, P<0.001, respectively). Moreover, participants in both NY and LA initiated misuse of prescription stimulants at significantly earlier ages than cocaine, methamphetamine, and ecstasy (16.1 vs 17.1 years; paired t(209)= -5.95, P<0.001; 15.2 vs 16.9 years; paired t(190)= -7.63 P<0.001, respectively). Among those prescribed opioids, no significant differences emerged between age of prescribed use and age of first misuse. In both NY and LA, participants initiated misuse of opioids at significantly earlier ages than heroin (14.8 vs 17.5 years; paired t(149)= -13.52, P<0.001; 14.6 vs 17.5 years; paired t(137)= -11.43, P<0.001, respectively).
Specific prescription drugs misused
Frequencies of lifetime misuse of specific types of prescription drugs, which may provide insights into local prescribing practices and drug diversion, are presented in Table 4 . Participants reported lifetime misuse of a wide range of prescription opioids of differing potencies. * The most frequently misused opioids included hydrocodone, oxycodone, and codeine. A significantly greater percentage of NY participants reported misuse of any oxycodone product compared to LA (89% vs 71%, P<0.001), whereas a significantly greater percentage of LA participants reported misuse of codeine compared to NY (62% vs 51%, P<0.05). Vicodin was the most frequently misused formulation of hydrocodone, and OxyContin was the most frequently misused formulation of oxycodone. Except for Percodan, NY participants reported significantly more misuse of all formulations and combinations of oxycodone than LA, e.g., Percocet (73% vs 40%, P<0.001). Within sites, LA participants reported significantly more misuse of any hydrocodone than any oxycodone (87% vs 71%; McNemar χ 2 (1)= 22.0, P<0.001). Misuse of any opioid substitution medications, such as methadone or buprenorphine, was reported by less than half of all participants, while NY participants reported significantly more misuse of Suboxone (34% vs 17%, P<0.001) and Subutex (14% vs 6%, P<0.01) than LA.
Xanax was the most frequently misused tranquilizer, followed by Valium and Klonopin. NY participants reported significantly more misuse of Klonopin (60% vs 41%, P<0.001), while LA participants reported significantly more misuse of Seroquel (50% vs 38%, P<0.05). Adderall was the most frequently misused stimulant followed by Ritalin, Concerta, and Dexedrine. NY participants reported significantly more misuse of Adderall (75% vs 60%, P<0.001), Ritalin (51% vs 41%, P<0.05), and Concerta (23% vs 15%, P<0.05) than LA.
*There are notable differences in the potencies of prescription opioids. For instance, oxycodone is seven to twelve times stronger than codeine, while hydrocodone is two to eight times stronger than codeine assuming similar modes of administration. 23 [ 
Prescription drug using practices and risk behaviors
Frequencies of lifetime modes of administering specific categories of prescription drugs and illicit drugs are presented in Table 5 . Participants administered prescription drugs via a range of modalities other than swallowing: snorting was more commonly reported than either injecting or smoking. Opioids were more frequently sniffed, smoked, and injected than either stimulants or tranquilizers. NY participants were significantly more likely to sniff opioids (68% vs 53%, P<0.001) and stimulants (58% vs 43%, P<0.01) than LA. LA participants more commonly smoked all three types of drugs compared to NY participants, but only opioids exhibited a significant difference (27% vs 14%, P<0.001). No site differences regarding injecting prescription drugs were observed; overall, approximately one-quarter of participants ever injected a prescription opioid.
Comparing histories of injecting illicit drugs revealed more site differences. NY participants reported significantly greater frequency of injecting heroin (41% vs 30%, P<0.05), cocaine (32% vs 17%, P<0.001), and crack (16% vs 9%, P<0.05), while LA participants reported significantly greater frequency of injecting methamphetamine (27% vs 12%, P<0.001). Comparing injecting heroin and opioids within sites, NY participants reported significantly greater frequency of injecting heroin than opioids (41% vs 29%, P<0.01), whereas no significant differences in LA were observed.
Polydrug use, or combining drugs during a drug-using event, was a common feature of prescription drug misuse: a majority of misusers of both opioids and tranquilizers reported that combining these drugs with other drugs was typical in the past 12 months. No site differences were observed. Substituting with prescription drugs, e.g., prescription opioids, when other drugs, e.g., heroin, could not be located was commonly reported: half of the sample's opioid users reported using an opioid as a substitute, though fewer tranquilizer and stimulant users reported this practice. No site differences were found. Substituting with other drugs when prescription drugs could not be found was less frequently reported. However, among those that did, LA participants reported significantly greater frequency of using another drug as a substitute for opioids (36% vs 27%, P<0.05), tranquilizers (28% vs 19%, P<0.05), and stimulants (22% vs 13%, P<0.05) than NY participants.
Current misuse of prescription and illicit drugs
Frequencies of 90-day misuse of prescription and illicit drugs are presented in Table 6 . All participants misused at least one prescription drug within the past 90-days (an enrollment criterion for the study). Opioids and tranquilizers were the most frequently misused, followed by stimulants. No significant differences were found by site. Participants also reported frequent use of illicit drugs in the past 90 days. As predicted, NY participants reported significantly greater use of heroin (40% vs 29%, P<0.01) and cocaine (59% vs 36%, P<0.001), while LA participants reported significantly greater use of marijuana (97% vs 90%, P<0.001) and methamphetamine (40% vs 12%, P<0.001).
Participants reported co-occurring misuse of prescription and illicit Lankenau et al. drugs within the past 90 days, which may indicate patterns of polydrug use or drug substitution. The co-occurrence of opioids and tranquilizers was most frequent. No significant differences by site were found. Regarding illicit drugs, the three most frequently reported co-occurrences were tranquilizers and cocaine, opioids and heroin, and tranquilizers and ecstasy. While multiple significant site differences were found, the largest differences involved LA participants reporting more frequent combinations of tranquilizers and methamphetamine (33% vs 9%, P<0.001) and NY participants reporting more frequent combinations of tranquilizers and cocaine (47% vs 29%, P<0.001). Additionally, NY participants reported more frequent combinations of stimulants and cocaine (32% vs 19%, P<0.01).
Discussion
This is the first study to our knowledge that compares patterns of prescription and illicit drug misuse in two large urban areas among diverse samples of young adults who are current misusers of prescription drugs. Lifetime misuse of particular prescription drugs and recent use of illicit drugs closely tracked drug seizure data and largely confirmed our first hypotheses: more frequent misuse of oxycodone, heroin, and cocaine in NY, and more frequent use of marijuana and methamphetamine in LA. 16 Hydrocodone was more frequently misused than oxycodone in LA, which is also consistent with monitoring data. 16 These findings suggest that prescription drugs commonly seized in NY and LA are in fact those most commonly misused in each city, and that variability in local markets of diverted drugs may impact frequency of misuse.
Moreover, variations in local drug markets may be factors in explaining differences in modes of administrating opioids and heroin in each city. For instance, Mexican heroin found in LA is frequently in tar form, whereas Colombian heroin found in NY is commonly in powder form. 24 In NY, where sniffing powder heroin is common, 25 NY participants more frequently sniffed opioids than LA participants. In LA, where smoking tar heroin is common, 26 LA participants more frequently smoked opioids than NY participants. These results suggest that participants may have transferred local practices for administering different forms of heroin in each site, i.e., sniffing and smoking, towards administering prescription opioids. These findings provide support for our second hypothesis which proposed an interrelationship between opioid and heroin use.
Furthermore, our results suggest the differences in heroin markets -both supply and form -did not impact lifetime frequency of injecting prescription opioids. NY participants reported more frequent lifetime heroin use, 90-day use, and heroin injection than LA. However, no dif- ferences were found in lifetime history of injecting opioids -about onequarter of participants in both sites had injected opioids. In other words, greater use of heroin in NY-including injection -did not translate into more frequent injection of prescription opioids in NY compared to LA. While 90-day opioid misuse did not vary between sites, lifetime data suggest greater misuse and availability of more potent opioids in NY, such as oxycondone, fentanyl, and buprenorphine, than in LA. Significantly, the use of more potent prescription opioids in NY coincided with a more robust heroin market in NY. Previous research indicated that potent opioids were particularly useful towards self-medicating for heroin withdrawal as well as functioning as a substitute when heroin was unavailable. 5 While prior studies report opioid misuse in cities where heroin is scarce, 27, 28 these results indicate active misuse of opioids in cities where heroin is frequently available. 29 The fact that young adults accessed both opioids and heroin, for instance, suggests the potential for overlapping markets for prescription and illicit drugs, which is in contrast to the conventional view of separate markets. 30 Findings on drug substitution, drug combinations, and polydrug use indicate that prescription drugs in both NY and LA were frequently consumed as a part of a broader repertoire of misuse involving prescription drugs and illicit drugs. 11, 14 Opioids and tranquilizers were used as substitutes for other drugs when these drugs were not available. The most common drug combinations reported in the past 90 days were opioids and tranquilizers, cocaine and tranquilizers, and heroin and opioids. Qualitative research among young IDUs suggests that particular drug combinations, such as opioids and tranquilizers, are frequently used simultaneously or consecutively during polydrug using events. 5 Significantly, the misuse of prescription drugs in polydrug combinations presents a greater chance for both fatal and non-fatal overdose. 31, 32 Lifetime history of receiving a prescription for an opioid, tranquilizer, or stimulant was high (88%), particularly for opioids (73%). 33 In both sites, participants were prescribed stimulants at significantly earlier ages than the age of first misuse, suggesting that participants used these drugs as prescribed for an extended period before misusing. 34 In contrast, initiation into misuse of opioids and receiving a prescription for an opioid occurred at approximately the same age in both sites. In these cases, several factors may have played a role in initiation, including developing a physical dependence on the prescribed drug, enjoying the novel psychoactive features of the prescribed drug, or inadequate management of pain. 5, 35, 36 Overall, initiation of prescription drugs occurred during the early to mid-teens, after marijuana and before other illicit substances. In particular, initiation of opioids occurred before heroin and initiation of prescription stimulants happened prior to illicit stimulants. These findings on ages of initiation, in combination with the high percentage of participants who used heroin, cocaine, and methamphetamine, suggest that prescription drugs may serve as pathways to illicit drugs in some cases. 5, 37, 38 Overall, these results suggest that metropolitan drug seizure data 16 may be accurate predictors of the most frequently misused prescription and illicit drugs among certain subgroups of users in some cities. This information could be useful for the other 20 cities where this data is available in confirming that existing programs are targeting the most commonly misused drugs or developing new types of drug treatment programs for both prescription and illicit drugs. Future studies should conduct longitudinal research on young adults in different cities or regions to examine local drug markets and determine how fluctuations in local drug markets impact patterns of illicit and prescription drug misuse, including use of local drug treatment services. Findings could guide drug treatment providers towards developing programs for future young adult clients who may present increasingly complex histories of drug use. This study has some limitations. First, results are based upon crosssectional data. Hence, only associations between variables can be determined rather than causal relationships. Second, the sample is comprised of young adults who were currently homeless and/or had engaged in high-risk behaviors, such as injection drug use or polydrug use, in NY and LA. Consequently, the results may not generalize to the larger population of young adults who are housed or who do not engage in these risk behaviors, or to high-risk young adults in other cities. Nonetheless, the sample represents an important subgroup of young adults who should be included in future studies to better describe the spectrum of prescription drug misuse.
In conclusion, patterns of prescription drug misuse among high-risk young adults in LA and NY appear to conform to and be shaped by differences in local markets for illicit drugs in each city. Our findings indicate that current misuse of prescription drugs in both cities encompasses a broad range of practices, such as sniffing, injecting, polydrug use, and drug substitution, and involves frequent misuse of illicit substances. Initiation into prescription drug misuse was often preceded by being prescribed one or more types of prescription drugs, which was then followed by initiating illicit drugs with similar psychotropic effects. Our results suggest that drug treatment providers may anticipate increasingly complex patterns of prescription and illicit drug use among newly enrolled young adult clients.
